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In the past few years many new fungicidal remedies for cutaneous fungous
diseases, particularly for dermatophytosis of the feet have been described.
Undecylenic acid and zinc undecylenate sold commercially as Desenex is one
such compound'. Among the several others are sodium caprylate2 and sodium
propionate'.
From the literature it is evident that the higher unsaturated fatty acids and
their salts are fungistatic and fungicidal for the fungi which cause the common
cutaneous fungous diseases. Sulzberger and Kanof4 report that the undecylenic
acid, undecylenate powder and ointment were superior to nine other preparations
tested for their therapeutic and prophylactic effects in a Navy research project.
About one year ago Arenson, a food chemist interested in the preservation of
foods from common molds, discovered in searching for compounds suitable for
use as mold preventatives in bread and cake that the propylene glycol esters of
the lower fatty acids were fungistatic and fungicidal. He then began an intensive
investigation5 of these fat soluble esters with careful in vitro studies. He
utilized common molds such as the aspergilli, penicillium, the yeasts such as
monilia, the Microsporons audouini and lanosum, as well as the Trichophyton
and Epidermophyton groups of fungi. He found that propylene glycol di
propionate (1, 2 propane diol Bis ethyl carboxylate) was the least toxic and the
best fungicide of the entire group of propylene glycol esters. He believes that
these esters are fungicidal by virtue of the principle of unfamiliarity. That is,
the fungi, which normally metabolize the oleates, stearates and palmitates in the
fat phase of their metabolism, absorb the propylene glycol esters in their fat
phase; and when confronted with this new molecule are unable to utilize it and
thus die of metabolic difficu'ties in the fat phase.
He found propylene glycol di propionate and di pelargonate were fungicidal
up to one part in ten thousand with many pathogenic fungi and up to one part
in one hundred thousand against a few fungi. These compounds are fat soluble,
thus enhancing their absorption into the skin and enabling them to reach the
fungi.
Clinical use of propylene glycol di propionate was begun last summer at two
children's summer camps where dermatophytosis of the feet was quite common.
All clinical cases of dermatophytosis of the feet were treated with one hundred
per cent pure concentrated propylene glycol di propionate. Of three hundred and
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forty cases treated oniy one developed signs of irritation from the compound.
Two hundred and eighty four of the three hundred and forty cases were cultured
on Sabouraud's media, and one hundred and seventy one cultures of pathogenic
fungi were obtained. There were eight Trichophyton gypseum, fourteen
Trichophyton purpureum, six Trichophyton crateriforme, three Trichophyton
violaceum, twenty six Epidermophyton inguinale and thirty four Monilia
albicans cultures. Ten per cent potassium hydroxide direct examinations were
made on twenty six of the one hundred and seventy one cultured cases and seven-
teen of these were positive. In thirty three of the uncultured cases potassium
hydroxide examinations were performed and twenty of these were positive.
The clinical results in the three hundred and forty cases revealed that ninety
seven per cent of the eighty five acute cases, ninety three per cent of the one
hundred and thirty two subacute cases, and eighty one per cent of the one hundred
and twenty three chronic cases were completely clinically cured following one to
three weeks of treatment with the compound applied twice daily with cotton
tipped applicator sticks. The average clinical recovery time was nine days.
In most cases clinical improvement began two or three days after the institution
of treatment. All cases were followed for from ten days to five weeks after
clinical recovery, and in only seven per cent of these cases were there any signs of
relapse. Cases were not followed for longer periods because the children in the
camps were sent home at periodic intervals.
Another series of forty nine superficial cutaneous fungous cases were treated
at the University of Maryland Skin Clinic using the same technique. Twelve
cases of tinea circinata, ten cases of tinea cruris, six cases of tinea versicolor and
twenty one cases of dermatophytosis of the hands and feet (six acute, eight
subacute and seven chronic), were treated with propylene glycol di propionate.
Potassium hydroxide direct examinations were made in all cases before treatment
and were positive in thirty two of the sixty nine cases. Cultures were made on
Sabouraud's media in all cases except tinea versicolor, as microsporon furfur is
difficult to culture. There were twenty one positive cultures, seven Tricho-
phyton gypseum, two Trichophyton purpureum, five Epidermophyton inguinale
and seven Trichophyton interdigitale. All cases of tinea cruris cleared up
within three to five weeks; all cases of tinea circinata recovered in two to three
weeks. Two cases of tinea versicolor cleared up, and the remaining four im-
proved but did not clear up after six weeks of treatment. The cases of dermato-
phytosis of the hands and feet responded well, all but two being cleared up in
three to four weeks. None of these patients were followed after clinical disap-
pearance of their lesions.
In the present epidemic of tinea capitis caused almost exclusively by Micro-
sporon audouini as shown by cultures, the di propionate in one hundred per cent
concentration was employed at the University of Maryland Skin Clinic. In a
series of thirty of these cases (twenty two of which gave positive cultures for
microsporon audouini) six cases, after applications twice daily for six to twelve
weeks, cleared up as shown by the fact that the infected hairs disappeared under
the Wood's filtered ultra violet light examination; but in the remaining twenty
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four cases, although fluorescence diminished in seven of these cases, cure did not
occur after twelve weeks of treatment.
A similar group of cases was treated at the Johns Hopkins Hospital Skin Clinic
with propylene glycol di pelargonate, one hundred per cent concentration, applied
twice daily and the results consisted of eight complete clinical cures out of forty
six cases after a ninety day trial. Diminished fluorescence under the Wood's
light was considered to be a sign of improvement, and nineteen cases responded
in this fashion in addition to the eight cured cases. Improvement began usually
in four to six weeks after onset of treatment, and at ninety days there were
eight clinically cured cases, nineteen improved cases and nineteen cases which
were unimproved. Of the forty six cases in this series, twenty nine gave cultures
positive for Microsporon audouini.
It was thought that the di pelargonate might be of value in tinea capitis,
Rothman having found that the resistance the hairs of the scalp acquire at
puberty to fungous infection is due to the production of pelargonic acid in the
sebum of the scalp hairs. However it is apparent that neither of these esters
constitutes a satisfactory treatment of tinea capitis due perhaps to the inability
of the compound to penetrate deeply enough into the hairs. Robinson, Jr.6
claims that these esters, as well as most other compounds in use against Micro-
sporon audouini infections of the scalp, are not fungicidal for this fungus in vivo.
The incidence of spontaneous cures of tinea capitis is unknown but does occur,
and this might account for the clinical cures obtained in this study.
CONCLUSIONS
(1.) Propylene glycol di propionate is a good fungicide clinically, ii' the com-
mon cutaneous fungous diseases, particularly for dermatophytosis of the feet.
(2.) Propylene glycol di propionate is not superior to other fungicides now in
use but forms an addition to the list of fungicidal drugs.
(3.) The propylene glycol esters are of little value in tinea capitis due to
Microsporon audouin i.
The author wishes to thank the medical and administrative staffs of Camp
Airy and Camp Louise for their cooperation in making this study possible. Dr.
W. G. Abel and Dr. and Mrs. T. Mattem were of great assistance in completing
this work.
DISCUSSIONS
Dn. Lows SCHWARTZ: I would like to make a statement that should be made clear con-
cerning this subject. We have a great many fungicides; all will kill fungi in vitro and when
you begin to treat patients properly, they will begin to get well regardless of the fungicide
used. A great deal depends on making the skin between the toes or on the foot unsuitable
for the growth of fungi, by keeping these areas dry and cool, and free from dead skin. In
other words, suitable environment and the food used for the growth of fungi should be taken
away, and that is what will discourage their growth. If dead skin, heat and mositure are
left at these sites the fungi find a suitable environment and re-infection will take place.
Another point that should be made concerns x-ray epilation of the scalp as a cure for
tinea capitis. I believe it is very valuable as a preliminary treatment for tinea capitis.
But dermatologic textbooks should point out that x-ray epilation of the scalp does not kill
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fungi, but only empties the follicles of the hairs, so that the fungicides can penetrate and
kill the fungi. X-ray epilation simply prepares the way for the fungicidal treatment of
tinea eapitis.
DR. FRED D. WEIDMAN: I understand from our President, Doctor Beerman, that we have an
expert chemist here, and I wonder if he can tell us why the odd number members of the un-
saturated fatty acid series are affected and the even numbered ones are not?
S. W. ARENSON: I would feel much more at home speaking before a group such as The
American Oil Chemists, however, there is much in common between the two groups since
both are concerned with chemical mechanisms in solution of problems.
In attacking the problem, use was made of the knowledge that both common and patho-
genie fungi elaborate by enzyme action from one to forty-three per cent of glycerol esters of
the higher fat acids during their life cycle. It was felt that esters containing an alcohol
somewhat similar to glycerol and fat acids of shorter chain lengths than those normally
found in fungi would be readily assimilated through enzyme action by the fungi which in
turn would be unable to metabolize the compounds or the fat phase containing the
unfamiliar esters. We further reasoned that the fungi would be unable to discard these es-
ters from the fat phase. I am unable to understand why certain esters of short chain fat
acids which are highly toxic to higher animals show no fungicidal activity. We do know
that fat solubility is an important factor and that length of the fat acid chain is highly im-
portant. Our work indicates that fat acid unsaturation is not important nor is the question
of whether the fat acid is odd or even in number. In answer to the question as to why the
salts of short chain fat acids are not effective, I will say this—In vitro, propionic acid has
high fungicidal activity. In vivo, it has little. In vitro, the sodium and calcium salts of
this acid have practically no fungicidal activity. They have limited vivo action. I think
the lack of of vivo action of propionic acid is due to the fact that the acid is immediately
saponified and maintained in the water soluble inactive form. The sodium and calcium
salts of this acid being water soluble or fat insoluble will have little activity unless they are
hydrolized, liberating propionic acid. Thus, there is a vicious cycle of acquired inactivity.
I feel strongly that further work will indicate that common and pathogenic fungi may be
destroyed by other mechanisms such as the use of non-toxic compounds prepared to inter-
fere with the protein phase or the carbohydrate phase of the fungi. Thank you.
DR. EUGENE S. BEREsT0N: I want to thank Doctors Cornbleet, Schwartz, Weidman and
Arenson. I think Doctor Cornbleet's question was partially answered by Doctor Arenson,
in showing that the fatty acids themselves vary in one phase, whereas the esters go into
other phases. Doctor Schwartz is absolutely right in saying that epilation alone is not a
cure for tinea capitis. Epilation plus fungicides is what I meant to say. In respect to
tinea pedis, we all know that even ordinary talcum powder will help. However, after ob-
serving dermatophytosis of the feet in all the cases treated, plus the progress of other cu-
taneous fungous diseases on the glabrous portions of the boly, and finding that these com-
pounds are of value in treating all these various cutaneous conditions, I feel that Dctor
Schwartz's criticism is not justified. This discussion has clarified some of the data we now
have on these compounds and their use as fungicides.
DR. THEODORE CORNBLEET: The unsaturated fatty acids in sweat are intimately con-
cerned with the self-sterilizing properties of the skin. A number of workers, including our-
selves, has been interested in various patterns assumed by these acids and has tried various
modifications in the hope of improving their action against various organisms and in different
diseases. When these fatty acids are combined with bases such as sodium or potassium they
lose their sterilizing capacities. They must be present in the form of acids. They act in
the undissociated form. We have reason to believe that there are numerous enzymes
present on the surface of the skin and among them there may be esterases. These latter,
of course, could be used for hydrolysing such esters as the authors propose. The use of
these esters would have the advantage that they are neutral in reaction. Quite aside from
the fact that these materials are effective there is a question about their form of action.
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It is quite possible that these esters have the power to act in and of themselves or even better
than their fatty acid analogues. If the esters on the other hand act only by virtue of the
fatty acids formed from them, then it would seem to me that one could better use buffered
salts. It would be interesting to compare the effectiveness of the fatty acids themselves
with the esters used in the present experiment.
The theory presented here to explain the action of these fatty acid esters is becoming
quite popular. It has been called by various names, such as that of substitution, the one
of antimetabolites, etc. It is similar to the explanation offered for the action of the sul-
fonamide drugs. It is supposed that the latter displace or are used in preference to para-
aminobenzoic acid by the involved micro-organism. This theory, it is felt by some, has
some shortcomings though it certainly is a convenient one. We dermatologists are
acquainted with one niche where this theory does not completely cover the facts, appar-
ently. Thus, sulfapyridine is effective in dermatitis herpetiformis where in most cases the
sulfonamides are not. Trials with other materials having a pyridine group have not ex-
plained the efficacy of sulfapyridine as due to that part of the latter's molecule.
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